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Improvement of Output Characteristics and Acoustic Noise Characteristics for
Single Phase Induction Motor with Concentrated Winding

oo R R T e
(Tae-Uk Jung * Myong-Gi Chae *+ Hyun-Rok Cha - Cheol-Ho Yun)

Abstract - In general the distributed winding method is applied for induction motor in order to have the sinusoidal flux
distribution. Recently the concentrated winding method is the interested technique so as to lower the material cost
portion of copper coil. In the concentrated winding induction motor the harmonic flux and the torque deterioration by it
would be occurred. To restrain ill effect of harmonic flux distribution by concentrated winding, the skew of rotor
conduction bar is very important design variable. This study is focused on the optimal design of rotor bar’s skew and
winding turns for concentrated winding induction motor. In this study, the control method of harmonic parasitic torque in
concentrated winding induction motor is proposed and validated its practicality through the experiment.

As a result of this study, large skew angle which was not conventional in distributed winding was favorable in the
concentrated winding induction motor. The concentrated winding induction motor which is designed per the proposed
method of this study can be manufactured more cost effectively than conventional distributed winding.
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Fig. 1 Motor structure dependent on winding type
(a) distributed winding, (b) concentrated winding
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Table 1 Harmonic distribution coefficient according to winding
method

Harmonics Distribution Coefficient

nt =1 3 5 7 9 i1
1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.500
2 0,966 | 0707 | 0.259 | 0.259 | 0.707 | 0.966
3 0960 | 0.667 | 0.218 | 0.177 | 0.333 0.177
4 0,958 | 0.653 | 0.205 | 0.158 | 0.27! 0.126
5 0.957 | 0.647 | 0200 | D.349 | 0.247 0.110
6 0956 | 0644 | 0197 [ 0345 [0, | 0.102
Ld 0955 | 0.637 | 6191 | 0.136 | 0.212 0.087

n®<1, Concentrated winding, n>1, Distributed winding

disyibuted winding
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Fig. 3 The comparison of speed-torque characteristics
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Table 2 Specification of target model

) 2F Afg 71E) | ¥EHAA

217HMY (V) 220 220

Faps (Hz) - 60 60

H&2ol (mm) 25 25

IHA 2 (mm) 95 95

3| XA 2 (mm) 54.6

2=d0{ (mm) 0.2

EES 6

Capacitor (uF) 1.5 1.5 2

TR 5L 24 12

BHA &R 34 23

Skew angle (deg.) 10.6 15.7

FAM $0.20, 54691 | $0.18, 750%]

BEAM $0.19, 640%1 | $0.17, 75084

FAM NE(Q) 272 233
BEEEREETS) 348 308

J1££3 (Nm) 0.19 0.21 0.18

EHE3 (Nm) 0.28 0.29 0.28

HHAEH (W) 22 22

FAM M (A) 0.20 0.22

ExAM HE (A) 0.17 0.24

MY B (%) 35.0 | 313 33.9
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Fig. 4 The stator flux and the skew of rotor bar
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Fig. 5 Harmonic flux restraint by rotor bar skew
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Fig. 6 3D analysis model (a) stator, (b) rotor, (c) half model
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Fig. 7 The flow chart of design procedure
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Table 3 Characteristics analysis result with different skew angle

Skew angle 0° 10° 20° 30° 23°
& (W) 64.0 64.5 64.9 66.5 65.3
4 (W) 22
B8 (%) 34.4 34.1 33.9 3341 33.7

ZISE3 (Nm) 0.13 0.15 0.17 0.22 0.19
ZHES (Nm) 0.31 0.30 0.28 0.28 0.28
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Fig. 8 The photographs of prototype
(a) distributed winding, (b) concentrated winding
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Fig. 9 Configuration of performance test set
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Fig. 11 The comparison of speed-torque characteristics with
conventional distributed winding
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Fig. 13 Acoustic noise measurement resuit
(a) distributed winding, (b) concentrated winding(1st),
{c) concentrated winding(improved)
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Table 4 Design parameters and performance test result

o 2xACIE) | AR | FEAOIM)
LY ERE 24 12 12
| HA R 34 23 29
Skew angle(deg.) 10.6 15.7 23.0

FAM $0.2, 54681 | $0.18, 75081 | $0.2, 720&

HEAM $0.19, 6408l | $0.17, 75081 | ¢0.18, 9208
FAM XMEQ) 272 233 199
BEAM XEHQ) 348 308 319
Capacitor(uF) 1.5 2 1.5
7| £ E£3(Nm) 0.21 0.18 0.20
A E3(Nm) 0.29 0.28 0.28
A2 £3(Nm) 0.27 0.27 0.27
A4 £%(rpm) 775 780 782
HAEHW) 22.0 22.1 22.2
FAM HF(A) 0.20 0.22 0.19
BEAM HF(A) 0.17 0.24 0.18
1X S&(W) 20.8 28.4 17.5
Y HB(%) 37.3 33.9 38.1
28351 ~2(dBA) 415 55.6 40.7
& NE|(H) 6650 - 5870
EREDIED) 2810 - 2030
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